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Road Traffic Law Article 17-3-4 of April 2000 specifies the compulsory requirement for child safety seats in Japan. The objectives of this pre-
liminary evaluation were to measure the effectiveness, benefits and usage of safety seats for child passengers aged 0-5 years by analyzing the child
casualty data for the period of 1991-2002. Two statistical methods were used to quantify time trends (interrupted time series analysis, population
based casualty rates estimations) of changes in child casualty incidence after implementation of compulsory child restraint seats law. Despite overall
increases in the use of child restraint seats (as observed by different national surveys), casualties (fatalities and injuries) among restrained children
have increased. Given that exposure to crash environments is increasing, traffic safety advocates need to be aware of the importance of child re-
straints as a means of reducing the likelihood of injury. It is necessary to implement an extensive community-based child safety seat campaign to
disseminate the information on appropriate restraint use. Further prevention of motor vehicle occupant injuries to children will require the combined
approaches of education, incentives for safe human behavior, legislation/enforcement, and environmental changes.
Key Words: Motor vehicle occupant injuries, Child Restraint Seats (CRS), Evidence-based child injury prevention, Law enforcement, Community
based education campaigns
1. INTRODUCTION
Injury is the number one cause of death and life-
years lost for children. In children, injury mortality is
greater than childhood mortality from all other causes
combined. Modern injury prevention and control seeks
to prevent and limit or control injuries through the 4 Es
of injury prevention: engineering, enforcement, education,
and economics. Prevention of injuries to child passengers
is a significant public health priority, as motor vehicle re-
lated injuries remain a leading cause of death for chil-
dren. The purpose of child restraint seats is to reduce the
number of child passengers killed or injured in motor ve-
hicle crashes. Improvements in child restraint use have
contributed to significant declines in child occupant mor-
tality rates over the past 20 years all over the world.
International research and experiences have shown
that the use of CRS significantly reduces the risk and se-
verity of injury and the number of deaths resulting from
vehicle crashes. After a systematic review of the litera-
ture, it was concluded that the accumulation of positive
findings in CRS provide support for the proposition that,
proper use of CRS is capable of reducing the extent of
child morbidity and mortality on the highway1. It has been
estimated that if all children were properly restrained (and
in the rear seat of motor vehicles) about 70 lives would
be saved in the US each year2.
A large proportion (53.7%) of children in the 0-5
age group killed or injured in traffic accidents (casual-
ties) are motor vehicle occupants. Especially, 80.8% of
children in the 0-5 age group who were killed or injured
as motor vehicle occupants in 1999, were not in child
safety seats3. Safety seats for infants and small children
riding in motor vehicles are one of the most successful
auto safety innovations of the 1970's. Lap and shoulder
belts that come with the vehicle are designed for adults
and are in several ways inappropriate for small children4.
In the majority of motorized countries, CRS are
widely used and in these countries child passenger safety
has long been a priority in national and state injury pre-
vention programs. However, Japanese policy makers and
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parents have poor awareness of the safety benefits of
proper use of the child restraints. A survey carried out
by the Japan Automobile Federation in 1998 revealed that
only 8.5% of children less than14 years used safety seats5.
It is a paradox that preventive efforts are often di-
rected at diseases for which the means of prevention are
of doubtful efficacy, while other conditions (including
injuries) for which effective preventive measures are
available are often ignored2. Effective injury prevention
requires the wholehearted commitment of governments.
Taking a lead from Sweden, the US, Australasia, and
parts of Europe have recently pushed injuries higher up
the political agenda6.
Since April 2000, the law in Japan has required that
children 0-5 years old  riding in automobiles must be re-
strained in a CRS. Literature supports legislative changes
as the most effective and immediate means of increasing
the use of CRSs1. Therefore this intervention was ex-
pected to increase child passenger protection in motor
vehicle crashes in Japan7.The objective of the evaluation
was to determine the traffic safety benefits of the CRS
legislation in April 2000.
2. METHODS
The current evaluation was designed to determine
the traffic safety benefits of the CRS Legislation in April
2000. The Data Base utilized in this study was the traf-
fic accident database maintained by the Traffic Bureau
of National Police Agency and the Institute for Traffic
Accident Research and Data Analysis (ITRADA). The
Institute for Traffic Accident Research and Data Analy-
sis8 summarizes both the fatalities and the injuries based
on statistics prepared by the National Police Agency.
This database consists of all reported traffic crashes and
fatalities that have occurred since 1980.
2.1 Method 1
The primary research methodology used in the ma-
jority of deterrence based law evaluations is quasi-experi-
mental interrupted time series design. Monthly casualty
data among CRS users, 1991- 2002 was plotted by month
and inspected for seasonal and random fluctuations. Af-
ter inspection of the raw data plots, the Auto Regressive
Integrated Moving Average (ARIMA) modeling method
of Box and Jenkins9 was used to develop an intervention
model to investigate the effects of policy intervention.
The time period examined includes from January 1991
to December 2002. This provides a considerable period
of monthly data before the law was enacted and 32
months after. This will enhance the accuracy of time se-
ries analysis and includes a longer run impact.
The ARIMA technique was applied to these time
series. The intervention term (impact of CRS law of April
2000) was modeled as a step function (0 before, 1 after).
This is based on the assumption that child restraint seats
use increase after enactment of the law.
In this study we have analyzed the time series trend
of serious injuries + fatalities=casualties. Our analysis
uses linear time series which provides a natural frame-
work to study the dynamic structure of our series (yt).
Explanation given above the ARIMA model can be
as follows:
yt = xt + yt−1 + ut ................................................................................... (1)
ut = u t−1 + et
Where: 1. yt is the series of casualties at time t,
2. xt is the exogenous factor (in our case this rep-
resents policy;   we used
                 dummy variables which  takes a value 0  be-
fore the policy and 1 after the policy,
3. yt−1 is the number of injuries/fatalities/casu-
alties at time t−1, this represents past values
of our variable,
4. ut is the random term, representing all un-
known  factors that influence the series yt,
5. ut = u t−1 + et, implies that unknown factor Ut
equals the previous value of Ut plus an inno-
vation (et).
The Box-Jenkins method was used to analyze the
monthly time series data. Accordingly, the monthly data
has been fitted into the ARIMA model as follows:
∆ y = b1 + b2xt + ut ............................................................................. (2)
The ARIMA formulation and the results are in
Table 1 along with the value, percentage change and sta-
tistical significance.
Table 1 Average rate of change of casualties among
those who have used CRS and the effect of the
April 2000 compulsory CRS legislation (1991-
2002)
Rate of change Policy effect
Coefficient −0.5262** 0.0210
Std. Error 0.0831 0.0091
P-Value 0.000 0.023
**Significant at p< .01
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2.2 Method 2
Population data for 0-5 years old was obtained from
the vital statistics of Japan10. The 33 months before the
implementation of CRS legislation in April 2000, (July
1997-March 2000) were selected for comparison with the
33 months following its implementation, 2000 to 2002.
Casualty rates of the 0-5-year age-group were adjusted
and estimated according to 2000 population data. To es-
timate the crude change in crash risks in 1997-2002
among 0-5 year olds, crash rates and 95% confidence in-
tervals (CIs) for each period were computed for casual-
ties, and the crash rates after CRS law implementation
were compared with the crash rates before CRS law. Re-
sults are shown in Table 2 below.
3. RESULTS
The trend of the number of monthly casualties
among the CRS user category appears in Figure 1. The
number of casualties who were 5 years old or below dur-
ing the use of a CRS increased 150%, from 1,960 casual-
ties in 1999, to 4,917 in 2000. On the other hand, the
comparable number during the non-use of a CRS decreased
by 25%, from 7,893 to 5,973. The number of casualties 5
years old or below during the use of a CRS increased 44%,
from 4,917 casualties in 2000, to 7,070 in 2001. In over-
all, 1999-2002, CRS user casualties increased by 293%.
The national observational survey of safety seat usage
conducted in 2001 by the National Police Agency found
that even though the usage rate was increased by up to
70%, since the enactment of CRS law; only 60% of us-
ers properly installed the CRS. The media reported that
this shows both the lack of education campaigns and the
under enforcement of the law by the authorities11.
Table 2  Population based crash data for 0-5 year olds-before and after-enactment of CRS legislation
Casualty group 0-5 age group 0-5 age group Crash Rate 95% Confidence Intervals
(total number (population in per 10,000 population
of fatalities and year 2000)10 (0-5 age group) Lower Limit Upper Limit
serious injuries)8
Before Intervention
All casualties 27,015 7,108,000 38.01 37.56 38.46
Casualties among CRS users 4,533 7,108,000 6.38 6.19 6.57
After Intervention
All casualties 34,298 7,108,000 48.25 47.74 48.77
Casualties among CRS users 19,106 7,108,000 26.88 26.5 27.26
4.  DISCUSSION
It was found that the CRS law in Japan did not re-
sult in a statistically significant reduction in casualties in
the CRS users’ category. The introduction of compulsory
CRS resulted in an increase in CRS usage rates from ap-
proximately 8% in 1998 to 60% by 2000. However, ob-
servational studies have found high levels of incorrect use
of CRS. It is well known that an alarming percentage of
safety seats (40% in one national samples' study)12 are
not being used according to manufacturers instructions;
it is generally believed that misuse of seats is the major
factor holding down effectiveness and benefits.
Many factors can be highlighted as possible addi-
tional causes for ineffectiveness of CRS legislation in Ja-
pan. CRS legislation has no strict requirements and
penalties. The fine is usually very low (one demerit point
and no monetary fine for this offence), and the adminis-
trative tasks associated with processing CRS law viola-
tion are often viewed as being more time consuming than
the nature of the offence warrants. In addition, CRS, par-
ticularly in Japan are expensive at around US$ 400, a
government subsidy may be necessary to reduce the price.
This process would be expensive, but when viewed
against huge public health and traffic safety benefits in
the long-term, it may be cost effective.
International evidence shows that the level of en-
forcement and educational and promotional activities
in child passenger safety seats are the combinations of
factors that most impact usage of safety seats1,2,5,7,11,12.
As reported in the Japanese media absence of enforce-
ment of CRS laws may have lead to a, usage rate drop of
CRSs from 65.4% in 2000 to 52.4% in 200211,12. Effec-
tive programs should be launched to encourage CRS use
by ensuring that road users are well informed and educated
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about the safety benefits of using such devices.
5. CONCLUSIONS
The results of the two different analyses provide no
statistically significant evidence that the CRS legislation
in April 2000 reduced the number of child motor vehicle
occupant casualties. Despite overall increases in the use
of child restraint seats, casualties among restrained chil-
dren have increased. Given that exposures to crash envi-
ronments are increasing, traffic safety advocates need be
aware of the importance of child restraints as a means of
reducing the likelihood of injury.  Observational studies
have found high levels of incorrect use of CRS. It is gen-
erally believed that incorrect use of CRS is the major fac-
tor holding down effectiveness and benefits. It is necessary
to implement an extensive community-based child safety
seat campaigns to disseminate the information on appro-
priate restraint use. Observation of this study are of great
interest because they may be useful to policy makers and
educators in efforts to justify or target new interventions
designed to increase appropriate CRS use in these chil-
dren.
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Fig.1 Trend of the monthly traffic casualties among CRS user category
